Abstract
Introduction

15
In the coming years, the construction industry has the challenge of incorporating Brazil every year (Martins & Jesus Jr., 2011 , Pietro et al., 2011 . After the consumption avoiding the long-term degradation in non-conventional fiber cement material 23 employing vegetable fibers as reinforcement.
24
The hydration process depends on the type and the fineness of the cement, the 
The use of supplementary materials in non-conventional fiber cement can 25 provide increments in performance, both in fresh and hardened state, improving its 26 mechanical properties and durability. The use of pozzolan like rice husk ash as a partial 27 substitute to ordinary Portland cement allows enabling the production of non-28 conventional fiber cement reinforced with natural fibers, once it acts to reduce the 29 alkalinity of the matrix and in the preservation of vegetable fibers, if compared to a 30 matrix composed exclusively of cement Portland (Bezerra et al., 2006) .
31
The present study evaluated the use of cementitious matrix modified by partial 32 replacement of the ordinary Portland cement by rice husk ash for the production of non-33 conventional fiber cement reinforced with cellulose pulp generated from the cement 1 Kraft bags and fiber extracted from the green coconut fruit shell. The green coconut fibers were mechanically extracted from the husks with an 10 initial length of 14.8 cm and passed through the cutting process in a knife mill, brand included the determination of the aspect (length/diameter) ratio, the real density and 13 water absorption. To evaluate the water absorption, the fibers were initially dried at 65 ± 14 5°C and stood in a climatic chamber (Thermotron, model SM-3.5s) at 25 ± 2°C, with were weighed every 12 h until constant mass for each humidity level assessed. Table 1 17 depicts the dimensional and physical characteristics of the green coconut fibers. Figure   18 1 shows that the cutting process in a knife mill promoted a distribution of length of 19 green coconut fibers. The content of both green coconut fiber and cellulose pulp was up to 5% of the 31 total weight of the binder (ordinary Portland cement -OPC -and rice husk ash -RHA) 32 as shown in For the production and characterization of the composites, flat pads were molded totaling 56 days of curing + degradation.
18
Eight specimens (test repetitions) were used to determine the physical and 19 mechanical properties for each of the mixtures or curing conditions under evaluation.
20
The physical properties were bulk density, water absorption, apparent porosity and (MOR) and specific energy (SE). The completion of the tests was achieved after to be 26 observed a 70% reduction in relation to the maximum load (Savastano Jr., 2000) .
27
The analysis of variance (ANOVA) followed by Tukey test were applied to 28 compare the mean results between groups at a significance level of 5%.
29
For the thermogravimetric analysis (TG), it was used a simultaneous thermal to be analyzed by TG were previously prepared from small fragments of the pastes 3 which have been ground in acetone at the age of analysis. The powder obtained was 4 separated through a sieve nº 120 (125 μm) and the residual moisture of the sample was 5 removed using acetone followed by filtration and drying at 65ºC. The TG analyses were 6 performed under an atmosphere of dry air with gas flow equal to 75 mL/min, heating 7 rate of 10°C/min and a temperature range between 35°C and 600°C. Aluminium 8 crucibles with 100 µL capacity having a sealable lid with a pin hole to obtain water 9 vapour self-generated atmosphere were used. The determination of the humidity absorption in a climatic chamber was adopted 17 to be considered more appropriate for evaluating the fiber behavior under storage before 18 the composite preparation (Fig. 2) . However, the experimental test adopting water in the structure of the green coconut fiber (Fig. 3) . The green coconut fibers have an approximately cylindrical shape and surface 7 with roughness and protuberances, which can assist in anchoring the fibers in the 8 cementitious matrix. Figure 3A depicts the various unitary cells that compose the fiber 9 and which are agglomerated by intercellular lamellae (middle lamella) and also the 10 lumens (cavities) of the unitary cells. Figure 3B shows an outer layer that involves and 11 protects the unitary cells of the green coconut fiber, improving the protection against the 12 alkaline attack caused by the cement matrix.
13
The effectiveness of fibers in enhancing the mechanical performance of the The use of short fibers allowed higher fiber density by mass or volume in The shortening of the cellulosic fibers originating from the cement bag through 5 the recycling process of the cellulose pulp generated an expressive amount of small 6 particles (length smaller than 200 μm), known as fines. Table 3 The disintegration process adopted for recycling the cellulose pulp probably 21 contributed to the mechanical damage suffered by the fibers. Those damages can be The rice husk ash is a material with two completely distinct phases, the outer 31 layer formed of a denser structure (external epidermis, Figure 5A ) and the internal layer, that is formed by an extremely porous structure (parenchyma and sclerenchyma, Fig 5B) . Ground particles do not show internal porosity and are irregular in shape (Figures 1 5C and 5D). Because of this internal structure the RHA should preferably be ground before 9 being used as a pozzolanic material, which increases the fineness and consequently the 10 specific surface area of the material (Payá, 2012) (Fig. 6 ). binder the sum of OPC and RHA (see Table 2 ). This parameter increased from 0.4 for The decomposition process took place in the 520-600ºC temperature range, are always obtained at the same temperature, only varying the quantity of water lost.
11
The smaller the peak the lower content of portlandite, and consequently the higher fixed 12 portlandite by RHA. The counting numbers (1, 2 and 3) next to the curves of the graphs 13 are intended to facilitate the discussion (Fig 9) . The mechanical performance after 28 days, with MOR of 15. which was reached using high proportion of RHA.
28
The presence of RHA generates benefits related with the reduction in clinker 29 consumption as through the decrease of matrix alkalinity and consequently reducing 30 vegetable fibers degradation.
31
The results are promising for the potential use of composites in applications with 32 higher risk of degradation, such as outdoor panels exposed to weathering. 
